ever, WF and AoA are naturally confounded, with earlyacquired words tending to be higher in frequency than lateacquired words (Carroll & White, 1973; Gilhooly & Gilhooly, 1979; Morrison et al., 1992) . Furthermore, initial investigations of the simultaneous effects of WF and AoA found an effect of AoA, but no effect of WF on objectnaming speed was found after accounting for effects of AoA (Carroll & White, 1973; Gilhooly & Gilhooly, 1979; Morrison et al., 1992) . However, subsequent studies have established distinguishable effects of WF and AoA (e.g., Barry et al., 1997; Ellis & Morrison, 1998, Experiment 1; Lachman, 1973; Lachman, Shaffer, & Hennrikus, 1974) .
A recent study suggests one way in which AoA and WF may combine to influence object naming. Ellis and Lambon Ralph (2000) used connectionist modeling to examine the nature of AoA and its interaction with WF. This was done by using a strong and a weak frequency manipulation. Specifically, frequency of training was modeled at a 10:1 or 3:1 (high vs. low) ratio of exposure. The results revealed a marginal interaction between AoA, pattern frequency (whether it is encountered more or less often), and training frequency (the ratio of high-frequency to low-frequency training). Specifically, results in the high training frequency condition appeared to show larger pattern frequency effects for late-acquired items than for earlyacquired items. Subsequent simulations established that early-acquired words require only occasional exposure to the network in order to maintain a strong lexical representation. Their results show that AoA and frequency may interact in a single experiment, depending on the strength of the frequency interaction. Second, it appears that lateacquired words may be more sensitive to frequency than are early-acquired words.
The present study was designed to investigate the nature of the AoA and frequency interaction. The results from Ellis and Lambon Ralph (2000) suggested that AoA has robust effects even in the face of different training frequency parameters. Furthermore, their results suggested that late-acquired words may be more influenced by frequency manipulations than are early-acquired words. These modeling results suggest that AoA should be more robust than frequency across delayed naming intervals. Furthermore, frequency effects may be larger for late-acquired words. To test these hypotheses, we will use a factorial design in which frequency and AoA are crossed.
EXPERIMENT 1
In Experiment 1, AoA and WF were varied orthogonally to eliminate the natural confounding of the two variables. Neither Ellis and Morrison (1998, Experiment 2) nor Jescheniak and Levelt (1994) had employed this fully factorial design. Furthermore, in their investigation of WF's role in word retrieval speed, Jescheniak and Levelt failed to control for AoA altogether, thus introducing an important confound to their results. Our fully factorial design will overcome the limitations of these two experimental studies while building on the findings from multiple regression studies to reveal whether the two variables also influence word retrieval speed and accuracy in an interactive manner.
In addition to the manipulation of AoA and WF, we manipulated the delay between presentation of an object and a cue to name the object (0 vs. 2,200 msec). This manipulation was based on Ellis and Morrison's (1998, Experiment 2) findings that AoA has an effect on object naming in the immediate condition, but not at a delay of 2,200 msec. This is consistent with the view that AoA influences the speed with which spoken word forms are retrieved from the phonological lexicon. Similarly, on the basis of previous multiple regression studies' findings, we expect high-frequency words to be produced more quickly than low-frequency words. However, just as Ellis and Morrison's 2,200-msec delayed naming condition led to the dissipation of the AoA effect, we expect that this delay would also lead to the dissipation of the WF effect. Support for these hypotheses would suggest that the lexemes of late-acquired and low-frequency words (as well as early-acquired and high-frequency words) have reached their activation thresholds by 2,200 msec and have consequently been retrieved from the phonological lexicon.
Given Barry et al.'s (1997) finding of a significant AoA by frequency interaction term in their multiple regression analysis and Ellis and Lambon Ralph's (2000) modeling results, we believe that an AoA 3 WF interaction is likely in our immediate naming condition. However, given that the 2,200-msec cue delay would give the lexemes of most, if not all, experimental items the opportunity to reach their activation thresholds, an AoA 3 WF interaction is not expected in the 2,200-msec naming condition. Hence, it will be of interest to see whether a three-way interaction effect is observed.
Lastly, we expect the naming accuracy data to parallel the results for naming latencies. Specifically, we predict that participants will make significantly fewer naming errors on late-acquired and low-frequency words in the delayed naming condition than in the immediate naming condition.
Method
Participants. Sixty monolingual English-speaking undergraduates at the University of California at Santa Barbara (UCSB) participated in the present study as part of an introductory psychology course requirement. Their mean age was 18.27 years (SD 5 0.99). Each participant was tested individually in a session that lasted approximately 20 min. All the participants were right-handed.
Design. We used a 2 (cue delay, 0 and 2,200 msec) 3 2 (AoA, early and late) 3 2 (WF, high and low) mixed design, with cue delay as the between-subjects variable and objective AoA and rated WF as the within-subjects variables. The two dependent variables were picture-naming latencies and accuracy.
Apparatus. The picture stimuli were presented on a Motorola StarMax 3000/180 computer using the PsyScope software (Cohen, MacWhinney, Flatt, & Provost, 1993) developed at Carnegie Mellon University. Black-and-white line drawings were presented in the center of a 15-in. computer screen. Furthermore, the participants wore a set of headphones with a high-sensitivity microphone attached. The microphone detected verbal responses, and the voice key contained within the button box collected the participants' reaction times (RTs).
Materials. The participants were presented with a total of 160 line drawings obtained primarily from the Snodgrass and Vanderwart (1980) pictures. When some of the pictures from this collection were low in recognizability, we relied on the PicturesPlease (Abbate & LaChappelle, 1979) picture bank. This measure was taken to ensure the accurate test of our hypotheses. Of the 160 stimuli, half were experimental items, and the remaining 80 were fillers.
Our picture names were chosen from Morrison et al.'s (1997) stimuli (see the Appendix). These researchers had obtained objective AoA measures, as well as measures for other word attributes (e.g., rated frequency, familiarity, visual complexity, name agreement, number of phonemes, and number of syllables) from monolingual British-English-speaking children. Using these measures, the mean for our early AoA words was 23.38 (SD 5 1.03), whereas the mean for our late AoA words was 71.88 (SD 5 24.30). These objective AoA measures represent the age (in months) at which 75% of children in Morrison et al.'s study named an item correctly. Although these were British English AoA norms, Ellis and Morrison (1998) have shown that these norms predicted data from Snodgrass and Yuditsky's (1996) American participants, as well as from Welsh participants. Thus, the vocabulary development in different societies seems to be sufficiently similar to allow AoA measures obtained from one society to generalize to another. Furthermore, our low-frequency words had a mean rating of 2.25 (SD 5 0.30), whereas our high-frequency words had a mean of 3.84 (SD 5 0.35). These rated WF values were obtained from Morrison et al. (1997) . For objective frequencies of the experimental picture names, please see the Appendix. Objective WF norms were obtained from the Celex Lexical Database (Baayen, Piepenbrock, & Gulikers, 1995) . Each of the four experimental conditions consisted of 20 picture names, and the stimuli in all four conditions were selected to be of very high British English name agreement. However, the items from the four conditions were less well selected for California name agreement, since the late-acquired, high-frequency condition had the lowest California name agreement value (0.84). California name agreement was obtained from 32 UCSB undergraduates, whose responses to the line drawings were recorded on a score sheet by an experimenter. Lastly, given the difficulty we experienced in obtaining a sufficient number of experimental items for the late AoA-high frequency condition, we were forced to have a larger frequency range for our late AoA items (89.5) than for our early AoA items (3).
Procedure. The participants completed a brief personal information sheet, as well as a handedness measure prior to beginning the experimental session. Upon completion of these forms, the participants were presented with experimental instructions, which appeared on the computer screen. They were instructed to name each picture as quickly as possible without compromising accuracy. They were also told that each picture would be presented only once, in order to discourage them from using the same name for different pictures. If the participants had no questions, they then proceeded with the 10 practice trials. Like the experimental portion of the study, the practice session employed three different cue delays (0, 1,100, and 2,200 msec). Lastly, to control for order effects, the picture stimuli were presented in a different random order to each participant.
The participants were instructed to clearly articulate the name of each picture only after they had heard the cue "say," which was presented auditorily through the headphones. Furthermore, they were asked to not begin their responses with "um," "er," "uh," etc. If the participants did not follow these instructions consistently, the practice session was repeated. Picture-naming latencies were measured from the onset of the auditory cue "say," and they were recorded by a voice key contained within the button box. The experimenter recorded the participant's response on a score sheet, which was then used to manually code for naming errors and to calculate percent correct values.
For half of the participants, the onset of the cue "say" for all 80 experimental picture stimuli coincided with the onset of the picture, whereas the cue was presented 1,100 msec after the picture for half of the fillers and at a 2,200 msec delay for the remaining fillers. However, for the remaining 30 participants, the onset of the cue for the experimental items occurred 2,200 msec after the presentation of the picture, with 40 of the fillers aff iliated with a 0-msec cue delay and the other 40 fillers associated with a 1,100-msec cue delay. The purpose of the filler items was to keep the participants focused on the task and to keep them from retrieving the words before encountering the cue.
The picture remained on the screen for 5 sec or until the participant made a verbal response, whichever occurred first. The participants initiated the onset of each trial by pressing on the space bar. At the conclusion of the experiment, the participants were verbally debriefed and thanked for their participation. Responses that were superordinates or subordinates to the target response were considered incorrect and were coded accordingly. For example, a superordinate response of "vegetable" to the target word "celery" and the subordinate response "daisy" to the target word "flower" were coded as errors. In addition, semantic associates to the target word (e.g., "cheetah" instead of "leopard") were also coded as incorrect. However, responses that contained the target word (e.g., "needle and thread" for the target "needle") or that were abbreviations of the target word (e.g., "fridge" instead of target "refrigerator" ) were coded as correct.
Results and Discussion
Picture-naming latencies. We first conducted 2 (cue delay) 3 2 (AoA) 3 2 (rated WF) mixed design analyses of variance (ANOVAs) by subjects (F 1 ) and by items (F 2 ) on the RT dependent measure, where cue delay was the between-subjects variable and objective AoA and rated WF were the within-subjects variables. We used the byitems analysis to learn whether the significant effects we found with the by-subjects analysis were generalizable to other items not used in our experiment. We adopted an a level of .05 for all of our tests of significance.
Although the main effect of AoA was significant, it was qualified by an interaction with cue delay. Finally, contrary to our expectation, we found no cue delay 3 AoA 3 WF interaction (F < 1). Although the effects of AoA and WF were eliminated by the 2,200-msec delay, there was no evidence of an AoA 3 WF interaction in the 0-msec delay condition, so the threeway interaction was not significant.
It appears that requiring participants to wait 2,200 msec before naming the picture provides them enough time to access the lexemes of late-acquired and perhaps even lowfrequency words, thus eliminating the effect of AoA and WF in the 2,200-msec delayed naming condition.
Picture-naming accuracy. We also conducted 2 (cue delay) 3 2 (AoA) 3 2 (WF) mixed design ANOVAs by participants and by items on picture-naming accuracy, our second dependent variable. As with the naming latency data, we found that the significant main effect of AoA was qualified by a cue delay 3 AoA interaction. The mean naming accuracies in Table 1 whereas there was no difference in accuracy to highfrequency, late-AoA words (92%) and low-frequency, late-AoA words (93%; F < 1). However, the effect of AoA in the high-frequency condition is difficult to interpret, because it might be due to the fact that California name agreement was less in the late-high condition (.84) than in the late-low condition (.92). No other effects were significant. Hence, the age at which an object name is learned is a strong predictor of how accurately that object will be named, whereas the frequency with which the object name is encountered has a more limited effect on the accuracy of object name retrieval.
EXPERIMENT 2
The results from Experiment 1 revealed that both WF and AoA play a role in picture-naming latencies. Furthermore, it was found that delay results in a reduction of both these effects. These results also indicate that WF and AoA do not interact. However, previous research by Ellis and Lambon Ralph (2000) has found that late-acquired words may be more susceptible to frequency manipulations than are early-acquired words. That is, if late-acquired words have a lower basal activation (or higher activation threshold) than do early-acquired words, it should take longer for these words to become activated. This would predict that late-acquired words should continue to show a frequency effect across delays, whereas early-acquired words should not. In order to test this hypothesis, we incorporated two additional delays (750 and 1,500 msec), which were placed at two intermediate points between the two delays used in Experiment 1. If there is an interaction between AoA and frequency across one of the delay conditions, it would be consistent with the view that magnitude of frequency effects depends on whether the word is learned early or late in life.
Method
Participants. One hundred and twenty English monolingual undergraduates from UCSB participated in the experiment as part of an introductory psychology course requirement. The mean age of the participants was 18.87 years (SD 5 1.43). None of these participants had taken part in Experiment 1. As in Experiment 1, all the participants were tested individually in a session that lasted approximately 20 min. All the participants were right-handed.
Design. We used a 4 (cue delay, 0, 750, 1,500, and 2,250 msec) 3 2 (objective AoA, early and late) 3 2 (rated WF, high and low) mixed factorial design, with cue delay as the between-subjects variable and objective AoA and rated WF as the within-subjects variables. Our two dependent variables were object-naming latencies, measured in milliseconds, and naming accuracy. Thirty participants took part in each cue delay condition.
Materials. We used the same picture stimuli and picture names as those used in Experiment 1. However, we added two new fillers, "bed" and "key," to make it a total of 82 fillers. None of the filler items were included in the statistical analysis. The filler "key" was always assigned to the same cue delay condition as the experimental stimuli in order to have a total of 81 items in that delay condition.
Procedure. The procedure of Experiment 2 was identical to that of Experiment 1, except for the distribution of items across delay conditions. In both the experiments, all of the experimental items were presented at the same delay for a given participant (comprising 50% of all the items), and the filler items were evenly distributed across the remaining delays. However, the 80 filler trials of Experiment 1 were divided among two delay conditions (40 trials per delay, or 25% of all the trials), whereas the 81 filler trials of Experiment 2 were divided among three delay conditions (i.e., 27 trials per delay, or 16.7% of all the trials).
Results and Discussion
Picture-naming latencies. We conducted by-subjects and by-items 4 (cue delay) 3 2 (AoA) 3 2 (WF) mixed design ANOVAs on participants' naming latencies (see Table 2 ). Again, an a of .05 was used for all the analyses.
Although These results suggest that learning words early in life helps us retrieve these words more quickly. However, when a word is learned later in life, high frequency compensates for this late-AoA disadvantage by increasing the base-rate activation level of the word's lexeme. As we can see in Table 2 , late-acquired object names that are high in frequency have already been retrieved by 750 msec. By contrast, words that are low in frequency and learned later in life have still not been completely retrieved by this delay. Hence, AoA and WF interact with delay. Rated WF makes an important contribution for words that are learned later in life.
Finally, regression analyses were performed in order to look at the role of AoA, rated frequency, and objective frequency on RT. The method used was that of Lorch and Myers (1990) , in which a regression is calculated for within-subjects designs. This was done only at the 0-msec delay condition. The results revealed that AoA [F(1,29) 5 137.63, MS e 5 4,470] and rated frequency [F(1,29) 5 17.61, MS e 5 5,592] were significant predictors of RT. However, objective frequency was not a significant predictor [F(1,29) 5 2.99, MS e 5 8,797]. This extends the findings of the factorial design in Experiment 2 by showing that rated frequency is a stronger predictor of RTs than is objective frequency.
Picture-naming accuracy. Our by-subjects and byitems 4 (cue delay) 3 2 (AoA) 3 2 (rated WF) mixed design ANOVAs on picture-naming accuracy revealed that the participants were more accurate on early-acquired words (97%) than on late-acquired words [89%; F 1 (1,116) 5 232.95, MS e 5 31; F 2 (1,76) 5 9.60, MS e 5 498]. This main effect of AoA is consistent with our results for Experiment 1. However, unlike Experiment 1, we can see in Table 2 that the AoA effect decreased significantly as delay increased [F 1 (3,116) The only other effect to approach significance was the AoA 3 WF interaction, although the test was not reliable against item variance [F 1 (1,116) 5 72.82, MS e 5 28; F 2 (1,76) 5 2.76, MS e 5 498, p 5 .10]. The nature of the interaction was that the effect of AoA was greater for highfrequency words (99% vs. 87%) than for low-frequency words (95.5% vs. 92%). Like Experiment 1, the effect of AoA in the high-frequency condition is difficult to interpret, because it might be due to the fact that California name agreement was less in the late-high condition (.84) than in the late-low condition (.92) . No other effects were significant. These results are consistent with those observed in Experiment 1.
GENERAL DISCUSSIO N
Our two experiments contribute uniquely to the word retrieval literature in the following ways. First, by simultaneously varying both AoA and WF in a fully factorial design, we examined the independent contributions of AoA and WF to object-naming speed and accuracy, as well as their interactive contributions to these dependent variables. Second, we employed varying delayed naming conditions to more thoroughly investigate the role of word AoA and WF in word retrieval speed and accuracy.
The results of Experiment 1 revealed that both word AoA and rated frequency make independent contributions to word retrieval speed when participants are asked to prepare their response immediately upon encountering the picture. However, having participants wait 2,200 msec before picture naming allowed the retrieval of late-acquired and low-rated-frequency words. Furthermore, the interaction between naming delay and AoA not only corroborated the findings of Ellis and Morrison (1998, Experiment 2) , but also, along with the delay 3 rated frequency interaction, motivated us to investigate the time course of the word AoA and rated frequency effects in Experiment 2. Our use of the varying delayed naming conditions (i.e., 0, 750, 1,500, and 2,250 msec) enabled us to obtain a more detailed view of the nature of the contribution of word AoA and WF to word retrieval.
AoA and WF. A second issue of importance is the presence of an interaction between WF, AoA, and delay. But, how do we account for the interaction? These results are quite compatible with both classic and connectionist views of language representation. In the classic view, both WF and AoA contribute to a lowering of basal lexical activation. How often a lexical item is seen and how early it is learned serve to reduce the amount of activation necessary for a word to reach its threshold. In connectionist models (e.g., Ellis & Lambon Ralph, 2000) , this would be conceptualized as a change in the weights of hidden units. To date, Ellis and Lambon Ralph's account is the most complete account of AoA effects. However, their account does not necessarily preclude an account in terms of logogens (Morton, 1969) , activation thresholds, or verification times (Levelt, Roelofs, & Meyer, 1999) .
The first question raised by our study focuses on whether frequency and AoA affect the same processing mechanism or stage during picture naming. Although our results are not definitive in this respect, they do tend to fit better with the view that AoA and frequency affect the same processing stage. Specifically, both of these variables are responsible for making the access of the phonological word form easier (for further discussion, see Levelt et al., 1999) . Rated word frequency interacted with AoA, and both facilitated picture naming. Furthermore, their interaction across delays indicates that frequency matters more for late-acquired words. The implication is that latelearned words have weaker lexical representations and thus benefit more from frequency than do early-acquired words. Consistent with the view of Ellis and Lambon Ralph (2000) , we suggest that frequency and AoA affect the same processing stage and are most likely the product of the same lexical process(es).
The second implication of our data has to do with whether AoA and frequency are accounted for by similar mechanisms in development. Some have suggested that AoA and frequency may be the product of cumulative frequency (Gilhooly, 1984; Lewis, 1999; Lewis, Gerhand, & Ellis, 2001) . That is, the AoA effect is simply the product of frequency over a lifetime, and frequency is how often one encounters the word. Our results are not definitive evidence against this view. However, they are more supportive of the view that the frequency and AoA effects are not the product of cumulative exposure to a word. The fact that frequency differentially affects late-learned words across delays is consistent with the view that each of these factors is not the product of the same mechanism during learning (see Lewis et al., 2001 , for an alternative account).
One way to further understand learning history would be to look at second-language learners. This population would provide an interesting test case for the importance of AoA and its effects on speed of lexical retrieval and production. Specifically, the lexical items would be learned late in life. Hence, frequency should play a strong role in lexical access. However, if early-learned concepts influence later learning, the mapping of these items onto already existing concepts should be easier if those concepts are more robust. If Ellis and Lambon Ralph (2000) are correct, we should expect to see late learners of a second language show the same pattern of effects as that observed in early learners (perhaps a bit stronger). Hence, the importance of AoA most likely also influences which lexical items have a head start, even for learners of a second language.
Finally, although not the main goal, the present study revealed similarities between rated and objective WF. Specifically, both forms of WF predict RTs. Furthermore, both appear to be weaker than AoA. More recent studies suggest that rated frequency may capture information in addition to that seen in objective frequency measures (Balota, Pilotti, & Cortese, 2001 ). Our results suggest that rated frequency is a better predictor of RTs than is objective frequency. Future studies are needed to further understand how rated and objective frequency interact with AoA.
APPENDIX Experimental Picture Names Used in Experiments 1 and 2
Early-Low Early-High 
